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AecB m O.C.MyxaMeTrapunoB 

(56) naTeHT CUJA Nr 3191677, x/i. 166-14, 
ony6/iMK. 1965. 

ABTOpCKOe CBMABTeflbCTBO CCCP 
IM» 1254137, kji. E 21 B 29/10. 1982. 
(54) CnOCOB PEMOHTA OBCAflHblX KO- 
/IOHH 

(57) l4cnonb30BBHMe: peMOMT ynacTKOB c o^a- 
raMw pa3pyuieHM« m Ae4>exTaMU b cTeHKax o5- 
caAHbix KonoHH. CyuiHOCTb M3o6peTeHMn: 
noA6npatOT uu/iMHAPnMecxn& naTpySox pac- 
MeTMoro nepMMOTpa, jvmm xoTbporo 60/ibiue 



BH/TpeHHero A^aMeTpa 2 peMOHmpyeMoro 
y^acTxa o6caAHOA xo/iohhw, a A/iuna naipy6- 
xa 6onbiue ajihhu MMTepeana noBpe*AeHM». 
npowaaoAflT nonepeMHyw Ae4>opMauw»o nat- 
py6xa no Bcefi a^mhc ao noiepn ycTOMMMBO- 
ctm, 4>wxcauMK> ero b 3tom nonoxemw, cnyc* 
b CKBaxMHy m ycTBHOBxy b 30He noBpeJKAe- 
HMfl nyieM <J>wxcaTopoB, flpii stom M3Tepwa/t 
naTpyGxa Bw6npaK>T no MOAynio ynpyrocm - 

E. KOTOpWfl OnD€Ae/l«K)T W3 COOTHOliieHMH: 

1.4 P 



. rAe P - KOHTaxTHoe AaB/ieHwe 



naTpy6ica Ma ctbmxm o6c3ahom xo/iohhw. h - 
ToniuwHa CTeHxw naTpyGica; R - paAuyc 8Hyr- 
peHHe* ctchxh o6caAHoA xo/iohhw. 4 mji. 
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M3o6peTeMne othocmtca k TexnonoruM 
peMOHTHWx pa60T b Me<t>i eAo6usa»omeM npo- 
MuiuneHHOCTM, a mmchho. k cnoco6aM /imkbm- 
AauMM ysacTKOB c onaraMM pa3pyuieHM» m 
AecferraMM e CTeHKax o6cbahux ko/iohh. 

Ue/ib M3o6peT6HviR - noBuiueHue 9<t>4>ex- 
tmbhoctm peMOHTHbix pa6oT m o6ecneneHMe 
paeHOMepHoro npMxaTwq naTpy6Kd no Bceft 
ero A/i^He k o6c3ahom ko/iohhg npw ynpouie- 
hmm npouecca ycTaHOBKM naipy6Ka aa cmct 

Ha Hero. 

Ha <J>Mr. 1 M3o6pa)*ceHO ycTpoftCTBO a/i* 
npuBeAeHMfl naipyStca b coctorhmb noiepn 
ycTQ^MHBOCTH: Ha $Mr. 2 - ceneHne A-A Ha 4>nr. 
1; Ha $wr. 3 - ce*ieHwe B-B na <J>Mr. 1; Ha <J>wr. 
4 - naTpySox, 3a<t>MKCMpoB3HHuw b coctoahmm 
norepM ycToAHMBocTM. 

ycrpoACTBO txnn npHBe/ieHMn naTpySxa 1 
b cocTOHHwe noTepw ycTo^HMBocTvi - npoTRm- 
Bawiuee ycrrpoAcTBo - npeACTae/iweT co6oA 
KOHWf6cKyio onpasxy 2 c 4>opMoo6pa3yiomMM 
crepxHeM 3 m po/imk3mm 4, 3aKpenneHHWMn 
no A"MHe on pas km.- Poamkm 4 cbp33hm c Mexa- 
HMMecKMM npMBOAOH 5, apameHMe Ha koto pu ft 
nepenaeTCfl j\**raier\eM B.TIqciie npMBeAe- 
HMA naTpy6xa b coCTOHHue noTepnycTOftMMBO- 
ctm npw noMOiuM AaHHoro ycrpoHCTaa oh 

<J>MICCMpyeTC5? B 3T0M COCTOBHMM nOCpeACTBOM 

<J>MKC3T0p0B 7 t COOAHHeHHUX Me)KAy co6om 
CT€pxH«MM 8. FlpuBOA 5 npeACTae/ipeT ce- 
6» ayGinaTyio nepeAasy c o ah oft BeAymen 9 m 
AByM» BeAOMUMM tuecrepHsiMM 10, 11. BeAy- 
ma* ujecTepH« 9 ycraHOB/ieHa Wa buxoakom 
Bajiy 12 ABMraTC/ifl 6; na sany 13 BepxMew 
6 e ao mom mecTepHu ycTa hob/1 ch KpaftHnCt aep- 
xHHft po/imk 4. a Ha Bany 14 hhjkhcm bcaomow 
meCTepHM KpawHHii hmxhmm po/iMK 4. Po/imkm 

4 (H BepXHMe, M HMttHMe) CB*33HHUe npliBOA" 
HUM peMHeM 15. PO/JMKH 4, He CBH33HHWe c 

BdiiaMM 13 m 14, Buno/iHOHU ynpyroanacnm- ' 
hwmm MiiM noAnpyx<HHeHbi b peay/ibTaTe sero 
ohm OTcnexcMBatOT Ae<t>opMauuK) naTpy6xa. 

BOKOBfcie PO/1MKM 4 3 3Kp C n/1 e H bl B K0HM4eCK0H 

on pa Bice 2 c BOSMoacHOCTbio BpameHun. Ohm 
ne noAnpyxMHeHbi m ycraHOBiieHbi coocho k 
4>opMoo6pa3yK>meMy depxcHK) 3. 

* 

Cnoco6 peMOHTa 3aicnK)MaeTcn b c/ieA/io- 
meM. 

BHaia/ie ocyiuecTB/iniOT noA6op naTpy6- 
xa pacseTHoro nepMMeTpa m ynpyrocTM. FlaT- 
py6ox 1 Buno/iHflioT a bmag toh xocTe h ho ro 
xpyroBoro UM/iiiHApa M3 Maiepwa/ia o6/iaAaio- 
mero cbomctbom ynpyrocTM, npuseM nepn- 
MeTp ' uM/iMHnpa 6o/ibUie b Hytpen Hero 
nepMMeTpa peMOHTMpyeMOrt o6c3ahom ko/ioh- 
hu, a A^MHa - 6o/ibtue MHTepaa/ia nospe^e- 
HMn o6caAHow xonoHHU. B xanecTBe 
MaTepna/ia u3roToaneHMq naTpy6Ka mo)kct 



6uTb Mcno/ib30B3Ha BwcoKOKasecTBeHHaa 3a- 
Ka/ieHHan CTanb, CTexAonnacTMK m APy^we Ma- 
TepManw. xapaKTepnayiomMe tcm, mto 
HanpnxeHMfl, B03HMxaioiUMe b hmx noc/te no- 
5 TepM ycTOMMMBOCTM, He npeBULuaioT npeAe/ioB 

TeKyMeCTM AaHHUX M3TepMa/10B, T.e. coot- 

aeTCTByiOT ynpyrMM Ae<t>opMauMBM 3tmx M3Te* 
pna/ioe, 

3aTeM npOM3BOA»T nonepesHyio Ae<J>op- 
10 MauMio naTpy6xa no scefi qjuahq ao noTepw 

yCTOCiMMBOCTM M (|)MKCaUMK) ero B 3TOM COCTO' 

ahmm. fl^n 3Toro naTpy60K 1 noAaxjT Ha bxoa 
onpaBKM 2 npoTftrMBaioiuero ycrpoMCTBa c 
npeABapMTejtbHO.BKAK)MeHHbtM ABMraTeAeM 6. 

15 nepeAaiomMM BpameHwe Ha po/tMKM 4 c no- 
MombK) MexBHHHecxoro npMBOAB 5. Po/imkm 4 
3axB3TbiBdK)T naTpy6o< m np0THrMB3K)T ero 
BHyrpb KOHMMecKOM onpaBKM 2 ycTpowcTBa. no 
■ Mepe ABM)xeHMR naTpy6ica BAonb BHyTpeHHevi 

20 noB^pxHOCTM nocTeneHHO ysejiMMMBaeTCsi pa- 
AMa/ibHafl Harpy3Kd, AeftcTBytomap na Hero co 
CTOpOHbt on pa b km M3-33 yMeHbUjeHMR ee ams- 
MGTpa, H3BecTHo, hto TOHKMe ynpyrwe o6o/iom- 
km noA AeftCTBMeM paAwa/ibHOH Harpy3KM 

25 TepPKJT yCTOMMMBOCTb, nepexOAB K HOBOMy co- 
CTOflHMK) paBHOBeCMH C BbinyK/lOCTbK)i 

o6patueHHOM k uenTpaAbHOM ocm uwnnHApa. 
fl/in o6ecneMeHMfl nepexoAa naTpyGxa b co- 
CTORHMe noiepvi ycTOMMM boctm cny^KMT <|>op- 
30 Moo^pa3yK)iUMM CTep)xeHb 3, kotopum 
koh ue htpm py eT pa Avian bHyio Harpyaxy Ha naT- 

py60K. T6PRIOIUMM yCTOMHMBOCTb. Aa/ibHeM* 

ujan npoTflMCKa naTpy6xa cBnaaHa c 
npoAOAxawiuMMCR yBe/iMMeHMeM paAnanbHOM 

35 Harpy3KM m npMBOAMT x yBe/iMMeHMX) b wnymio- 
ctm o6o/iomkm naTpy6xa. noTepflBiueM ycTOft- 
HMBOCTb, a pe3y/ibTaTe sero pa3Mepw 
naTpy6xa 6yAyT cooTBeTCTBOBaTb TpaHcnopr- 
hum pa3MepaM yen. cnycxaeMwx b cKoa>KMHy, 

40 B MOMemr AOCTMxeHMn naTpy6KOM rpaHcnop- 
thux pa3Mepo8 oh npoTRrMBaeTcn k KOHuy 
onpaBKM 2 m Ha BbixoAe M3 Hee CTRniBaeTcsi 

HeCKOnbXMMM <t>MKC3T0pdMM 7 (CM. 4>Mr. 4), KO~ 

Topue )xecTKO coeAMHnk)T Me>KAy co6ofl CTep- 

45 XCHRMM 8. TdKMM 06p330M OCymeCTB/lfllOT 

onepauMK)<t>MKCMpoBaHMR naTpy6xa 1 bcocto- 

RHMM nOTepM yCTOHMMBOCTM. 

Flooie 3Toro npoM3BOART ycT3HOBxy naT- 
py6Ka b 30He noBpexcAeHMR oocbahom ko/ioh- 
50 hw. 

A^n'sToro c noMOiubio AepxaTenn (Ha Mep- 
Texce He noxaaan) naTpy6ox, 3a4>MxcMpOBaH- 

HUM B COCTOflHMM nOTepM yCTOMMMBOCTM. 
CnyCK3K>T B CKB3)KMHy M yCTaHdB/IMBaiOT Ha 

55 ypoBHe ynacTKa noepe)KAeHMB o6caAHOM ko- 
noHHU. CmrMBatoiuMe naTpy6ox 1 4>uxcaTOpu 
7'CHMMaioT, nepeMemati BBepx coeAHHAioiUMe 

MX CTep*HM 8, MTO npMBOAMT K CHflTMK) p3A^' 

anbHOM HarpyaKM. AfMCTByiomeM Ha naTpy6ox. 
JIoa AeMCTBMeM ycH/iHM b o6onoMKe, noTepnB- 
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weft ycTOMMMBOCTb. naTpyGo* 1 B03apamaeTC« 
b ncxoAHoe paBMOBecHoe cocTonHne. 

B CM/iy TOrO. MTO MCXOAHWH bhcwhhm am- 

aMeTp naTpySica necxo/ibKO 6o/ibiue BHyrrpeH- 
Hero AMaMerpa o6caAHOH ko/iohhw. FlaTpy6oK 5 
n/ioTMO m paBHOMepHO npMXMMaeTCR k o6caa- 
hor KonoHHe. nepexpuB ynaCTOK noepewAe- 

Bw/im npoBeAeHu na6op3TopHbie wcnuTa- 
HMn cnocoOa peMOHTa o6caAHbix ko/iohh Ha 10 
moac/im o6caAHOM KO/ioHHU c ue/ibio npo- 
BepKn ero pa6oTOcnoco6Hoc™. MoAe/ib 06- 
caAHOft KO/toH Hbi npeACTae/iweT co6ofl 
ToncTOdeM Hy k) Tpy6y c BHyTpeHHMM AwaMeT- 

pOM 80 MM. nap3M6TpOM 251,2 MM M AHMKOft 15 
500 MM. 

flaTpyfjoK Bbino/iHeH M3 CTex/ion/iacTMxa b 
bma© TOHKOCTGHHoro xpyrosoro UM/lMHApa. 
TO/iLUHHa CTeHKM KOToporo 0,3 mm, a nepMMeTp 
251.6 mm. 20 

B K3MBCTB6 npOTnrwaaiomero ycTpoftcTBa 
wcno/ib30Banacb KOHMMecxaa onpaBKa co 
axoAHbiM AwaMeTpoM 100 mm, bsixoahwm - 70 
mm, aamhoW 600 mm c oahum <J>opMoo6pa3yK>- 
ujmm CTepxHeM BAO/ib BHyTpeHMeft nOBepxHO- 25 
ctm onpaBKM. npoTflxxa ocyiuecTB/uinacb 
AaB/ieNweM Ha Topeu naTpy6xa. Ha awxoAe M3 
npoTflruBak)iuero ycTpoftcrea naTpy6ox mmc/i 
AnaMeTp 70 mm, npuMeM 4>opMOo6pa3yiomMfi 
CTepxeHb yxe He xaca/icw BWBepHyTOft 060- 
noMKM naTpy6xa. m b TaxoM nonoxeHiw naTpy- 30 
6ok 6wii nocneAOBaTe/ibHO cTHHyT &ByMn 
<t>wKcaropaMM t coeAfiHeHHbiMM Me*Ay co6oft 

A By MA CTa^bHblMM CTepXHflMW. 

3aT6M naTpy6ox 6u/r cnymeH b MOAe/ib 
o6caAHoW KO/ioHHbi ao ypoBHfl 30 hw nospejK- 35 
AeHMfl o6caAHOH ko/iohhw c noMombio Aepxa- 
Te/iR, nonepeHHbie pa3Mepw KOToporo He 
npeBbtuia/m 70 mm. 3aieM cT»rnaaiomMe <t>wx- 
caTopw CABMra/iw k aepxneMy Topuy naTpy6xa 
3a cmgt ycwinfl. nepeAaBaeMoro Mepe3 crepx- 40 

HM. 

B MOMeHT CHXTMfl nocneAHero 4>MKcaTopa 
cbo6oahuR naTpyfiOK no/iHOdbio BoorraHo- 



BUfl CBOK) 4>OpMy. npMXCaBUJHCb K BHyTpeHHCM 

creHxe o6caAHO* ko/iohhw m nepeKpbiB 30Hy 
noape>KA^HMfl. 

AHanorviHHbiM o6pa30M Gunu nposeAeHw 
Men WT3HMP b yc/iOBMflx no/iHoro 3ano/iHeHMB 

MOAC/1M 06caAHOM KO/lOHHU BOAO^- 

/la6opaTopHwe AaHHbie noATBepAn/w pa- 
6oTOcnoco6HOCTb AaHHoro cnoco6a peMOHTa 
o6caAHbix ko/iohh. naTpy6oic nonHOCTbK). 6e3 
noBpeJKAeHMft w cK/iaAox BOCCTanoBM/i cbok> 
<J>opMy m rwoTHO o6/iera/i BHyTpeHHWio deHKy 
o6caAHOft ko/iohhu, M3onnpya aoHy noBpew- 

O o p m y n a w 3 o 6 p e re h h « 
Cnoco6 peMOHTa o6caAHwx ko/iohh. 
BKAK)MaiomMH hoa6op nBTpy6ica pacHeTHoro 
nepuMeTpa, nonepenHyio Ae<|>opMauMio naT- 
py6xa no ece* A«MHe. cnycicero b CKBaxwHy m 
ycTanoBicy b 30He no8pexAeHMA. o t n m h a k>- 
m m A c fl TeM, wto, c ue/ibio noBwuieHw» 
3<t><l)eKTMBH0CTM peMOHTHwx pa6oT m 66ecne- 
4eHM« paBHOMepnoro npwKa™* naTpy6xa no 
bcc^ ero nnwne k o6caAHO« KO/ionne npvi oa* 
HOBpeMeHHOM ynpomeHMM npouecca ycTa- 
hobkm naTpy6xa aa cmbt MCK/iioMeHMfl 
Aono/iHMTeflbHoro eo3Ae&CTBMfl Ha nero, Ma- 
Tepwaii narpy6Ka Bbj6wpaiOT no moay/ik) ynpy- 
rocTM E, npuneM noc/ieAHMfi onpeAe/ifliOT W3 
cooTHOiueHMfl 

E ^ LiE- 
(h/R) 1 *' 

rAe P - KOHTarrHoe Aaa^enwe naTpyGxa Ha 

CT6HKM 06caAH0« KO/IOHHW." 

h - To/iiUMHa CTeHKM naTpy6xa: 

R - paAwyc BnyTpeHHefi noeepxHOCTii 06- 

CaAHOM KO/IOHHW, 

a nonepeMHyfO Ae<f>opMauw»o t qajpy6Ka no 
Bceij jyuAHB ocymecTB/ijnoT ao noiepn ycTOii- 

HMBOCTW, 33TCM erO <J>HKCWpyiOT B 3TOM cocto- 

hhmw m nocne cnycKa b 3QHy tiobpokachmr 

<|)l1KCaTOpbl CHMM3IOT. ' " - 
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than the inside diameter [sic: last clause 
should be either perimeter... perimeter or 
diameter ... diameter] 2 of the section of 
casing to be repaired, while the length of 
the sleeve is greater than the length of 
the damaged interval. Transverse strain 
is produced in the sleeve along the entire 
length until it buckles (loss of stability), 
it is locked in this position, lowered into 
the well, and placed in the damage zone 
by means of locking devices, hi this case, 
the sleeve material is selected according 
to elasticity modulus E, which is 
determined from the relation: E = 
1 A?/(h/R) x 1/5 , where P is the contact 
pressure of the sleeve on the casing wall; 
h is the wall thickness of the sleeve; R is 
the radius of the inside wall of the 
casing. 4 drawings. 



[Figure 1 spans columns 1 and 2, under header] 

[see Russian original for figure] 
A B 
A B 
Fig. 1 

[vertically along right margin] 
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The invention relates to technology for repair operations in the oil production 
industry, and specifically to methods for repairing sections with localized failure and defects 
in the casing walls. 

The aim of the invention is to improve the efficiency of repair operations and to 
ensure that the sleeve is uniformly squeezed against the casing along its entire length, with 
simplification of the process of setting the sleeve by eliminating additional operations on it. 

Fig. 1 depicts the device for buckling the sleeve; Fig. 2 shows the A-A cross section 
in Fig. I; Fig. 3 shows the B-B cross section in Fig. 1; Fig. 4 depicts the sleeve locked in the 
buckled condition. 

The device for buckling sleeve 1 (a drawing device) is a conical mandrel 2 with 
shaping bar 3 and rollers 4, attached along the length of the mandrel. Rollers 4 are connected 
to mechanical drive 5, which is rotated by motor 6. After the sleeve is buckled with the help 
of this device, it is locked in this condition by means of locking devices 7, interconnected by 
rods 8. Drive 5 is a gear drive with one drive gear 9 and two follower gears 10, 11. Drive 
gear 9 is mounted on output shaft 12 of motor 6; upper outside roller 4 is mounted on shaft 
13 of the upper follower gear, while lower outside roller 4 is mounted on shaft 14 of the 
lower follower gear. Rollers 4 (both upper and lower) are connected by drive belt 15. 
Rollers 4 that are not connected with shafts 13 and 14 are implemented as elastoplastic or 
spring-loaded, and consequently they track the deformation of the sleeve. The side rollers 4 
are attached to conical mandrel 2 so that they can rotate. They are not spring-loaded and are 
mounted co-axially with shaping bar 3. 

The repair method involves the following. 

First, a sleeve of the calculated perimeter and elasticity is selected. Sleeve 1 is 
implemented as a thin-walled circular cylinder made from material having the property of 
elasticity, where the perimeter of the cylinder is greater than the inside perimeter of the casing 
to be repaired while the length is greater than the damaged interval of casing. The material 
used for fabricating the sleeve may be 
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high-quality quenched steel, fiberglass-reinforced plastic, and other materials characterized 
by the fact that the stresses arising in them after buckling do not exceed the yield stresses for 
the given materials, i.e., they correspond to elastic deformations of these materials. 

Then transverse strain is produced in the sleeve over the entire length until it buckles, 
and it is locked in this condition. For this purpose, sleeve 1 is fed into the opening of 
mandrel 2 of the drawing device after first turning on motor 6, which rotates rollers 4 with 
the help of mechanical drive 5. Rollers 4 grip the sleeve and pull it into conical mandrel 2 of 
the device. As the sleeve moves along the inside surface, there is a gradual increase in the 
radial load acting on the sleeve on the mandrel side due to the decrease in its diameter. We 
know that thin elastic shells buckle (lose stability) under the action of a radial load, going to a 
new equilibrium state with bulging turned toward the central axis of the cylinder. Shaping 
bar 3 serves to ensure buckling of the sleeve, concentrating the radial load on the buckling 
sleeve. Further pulling of the sleeve is associated with continuing increase in the radial load 
and leads to an increase in the bulging of the shell of the buckled sleeve, as a result of which 
the sleeve dimensions will correspond to the run-in dimensions of bodies lowered into the 
well. At the moment the sleeve reaches the run-in dimensions, it is pulled toward the end of 
mandrel 2, and at the exit from the mandrel it is clamped by several locking devices 7 (see 
Fig. 4) which are rigidly interconnected by rods 8. The operation of locking sleeve 1 in the 
buckled condition is accomplished thereby. 

After this, the sleeve is placed in the damage zone of the casing. 

For this purpose, with the help of a holder (not shown in the drawing), the sleeve, 
locked in the buckled condition, is lowered into the well and placed at the level of the 
damaged section of the casing. The locking devices 7 clamping sleeve 1 are released by 
means of upward displacement of rods 8 connecting them, which results in removal of the 
radial load acting on the sleeve. Under the action of the stresses in the buckled shell, 
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sleeve 1 returns to the original equilibrium state. 

Because the original outside diameter of the sleeve is slightly greater than the inside 
diameter of the casing, [sic: the latter should be a clause of the next sentence, not an 
independent sentence] The sleeve is tightly and uniformly squeezed against the casing, 
sealing off the damaged section. 

Laboratory tests of the method for casing repair were conducted on a model of a 
casing in order to verify its feasibility. The model of a casing is a thin- walled tube with 
inside diameter 80 mm, parameter [sic: parameter should be perimeter] 251 .2 mm, and length 
500 mm. 

The sleeve is made from fiberglass-reinforced plastic in the form of a thin-walled 
circular cylinder with wall thickness 0.3 mm and perimeter 251.6 mm. 

As the drawing device, we used a conical mandrel with entry diameter 100 mm, exit 
diameter 70 mm, length 600 mm and with one shaping bar along the inside surface of the 
mandrel Pulling was accomplished by pressure on the end of the sleeve. At the exit from 
the drawing device, the sleeve had a diameter of 70 mm, where the shaping bar no longer 
touched the twisted shell of the sleeve, and in such a position the sleeve was successively 
clamped by two locking devices interconnected by two steel rods. 

Then the sleeve was lowered into the model of a casing, down to the level of the 
casing damage zone, using a holder with transverse dimensions no greater than 70 mm. Then 
the clamping locking devices were shifted toward the upper end of the sleeve as a result of 
the force transmitted through the rods. 

At the moment when the last locking device was released, the free sleeve completely 
recovered 
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its shape and was squeezed against the inside wall of the casing, sealing off the damage zone. 

Tests were similarly conducted under conditions when the model of a casing was 
completely filled with water. 

Laboratory data confirmed the feasibility of this method for casing repair. The 
sleeve, without damage or crumpling, completely recovered its shape and fit tightly against 
the inside wall of the casing, isolating the damage zone. 

Claim 

A method for casing repair, including selection of a sleeve of the calculated perimeter, 
transverse strain of the sleeve along the entire length, its lowering into the well and 
placement in the damage zone, distinguished by the fact that, with the aim of improving the 
efficiency of repair operations and ensuring that the sleeve squeezes uniformly against the 
casing along its entire length while at the same time simplifying the process of placing the 
sleeve by eliminating additional operations on it, the sleeve material is selected according to 
the elasticity modulus E, where the latter is determined from the relation 

E > 1.4P/(h/R) 11/5 

where P is the contact pressure of the sleeve on the casing wall; 

h is the wall thickness of the sleeve; 

R is the radius of the inside surface of the casing, 
and transverse strain of the sleeve along its entire length is accomplished until it buckles 
(loses stability), then it is locked in this condition and the locking devices are released after it 
is lowered to the damage zone. 
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